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Z:31.9, RMSD:2.4Å, 
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Z:26.8, RMSD:3.3Å, 
identity: 25%
Supplementary figure 1 Structural superposition of MxiAC and its homologues.
Superposition of MxiAC (red ribbon) and its homologues. Cα RMSD and Z score are calculated by the Dali server 
(http://ekhidna.biocenter.helsinki.fi/dali_server/).
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Supplementary figure 2. MxiAc crystal packing. 
(a) Top, (b) tilted side and (c) lateral view
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Supplementary figure 3. Analysis of the oligomeric state of full length MxiA.
(a) Tris-Glycine 4–20% native PAGE of the full length recombinant C-terminal Myc/His-tagged MxiA co-expressed in 
the presence of  the other export apparatus components (Spa24, Spa9, Spa29) . In the right lane, the detergent-extracted 
membrane complex migrates as single band with a molecular weight slightly bigger than the band at 720 kDa. Native 
protein standards are loaded in the left lane.
  
(b) 2D analysis of the excised Native–PAGE band on a 15% SDS-PAGE (central lane). Electrophoretic profile shows 
that MxiA is the only detectable component of this complex (band at ~80 kDa) by contrast with the initial Ni-purified 
sample (right lane) where other export apparatus components co-purify with MxiA (Spa24, Spa29 and Spa9). Protein 
standards are shown in the left lane.
(c) Immunoblot of the 15% SDS-PAGE in panel (b). The identity of the MxiA bands was confirmed by immunodetec-
tion using a commercial Penta-His HRP conjugate antibody. 
(d) MALS profiles of the membrane-extracted MxiA oligomer after IMAC and dialysis. The profile represents one of 
three independent experiments. The calculated averaged molar mass for the MxiA oligomer is 779.522±67.788 kDa
Nature Structural & Molecular Biology: doi:10.1038/nsmb.2452
E418/R545
K504/D516E532/R560
E502/K548
E496/R577
Supplementary figure 4. Inter-subunit salt bridges
The crystallographic asymmetric unit is made of three MxiA monomers, here shown in a ribbon representation and 
protein domains are highlighted with the same color code of Figure 1b  (SD1 red, SD2 yellow, SD3 blue, SD4 cyan). 
At the interfaces, five salt bridges stabilize the assembly, shown as black rods between the side chains of amino acid  
pairs. 
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Supplementary figure 5. Oligomeric state of MxiAC and its mutated variants in vitro 
(a) CD spectra of WT and M5 MxiAC. The spectrum overlay shows that salt bridge mutations do not perturb the protein 
fold.
(b) Control-subtracted SPR traces of one representative experiment for WT MxiAC . The self-association was probed 
in standardized conditions (2 ng mm−2 sensorchip surface saturation and 68μM sample per injection). The complexity 
of interactions for this self-assembling protein implies that these curves cannot be trivially fit to derive kinetic param-
eters. However, sensograms highlight that the protein interacts in a concentration dependent manner during the length 
of injection (black bar on the top). 
(c) Residual responses for WT, M5 and each interacting pair were computed as percentage of the WT/WT response 
(defined as 100%). One representative experiment is shown with error bars representing standard deviation, derived 
from 3 replicates. 
(d-g) SEC-MALS profiles of a concentration series (11, 5.5, 3 and 1.5 mg/ml) of MxiAC variant: WT, M5, K519A-
R523A-K562A, ∆SD2. Molecular mass (right axis) of WT, K519A-R523A-K562A and ∆SD2 increases with protein 
concentration whilst M5 retains its monomeric mass at any tested concentration. 
(h) SDS-PAGE (left) of WT and M5 full length MxiA expressed in a mxiA− Shigella background. The affinity purified 
WT protein migrates in multiple SDS-resistant oligomeric species whilst the M5 variant in a single band. Protein iden-
tity was confirmed by immunoblotting (right)  using a commercial anti- PentaHis HRP conjugated antibody.
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sp|P0C2V3|LCRD_YEREN                R      IEK D L E I SSL R    K       L A      VE  IR  VR          L      SQK .. VVQ T Y K Y CY YANGNNI P YLFDQE  EK  SG  QTSAGS.YLA DPAVTE 
tr|O30536|PCRD_PSEAI                R      IEK D L E I SSL R    K       L A      VE  IR  IR          L      AQK .. VVQ T Y K Y CY YSSGNNI P YLLDQA  EQ  GG  QTSAGS.YLA DPAITQ 
sp|D0ZWU0|SSAV_SALT1                R      IEK D L E V IAL R    R       L I      IE  VR  IR          L      QPR .. VLM T Y R H LR LNPEGKP P LRIGEG  NL  ES  QTAMGT.YTA SSRHKT 
tr|D3QW30|ESCV_ECOCB                R      IEK D L E V IAL R    R       L V      IE  LR  IR          I      QTK .. VVI C Y R H LG YSVSGTL N WLIGSD  NE  ES  QTSSGS.YLN SPERTE 
sp|P35654|HRPI_ERWAM                R      IER D L D V IAL E    Q       L V      TE  LR  LR          L      NQH .. SAA T F K H CH YQQPNG. N WLLTPE  EL  DS  QAQSET.FFS AQEYGI 
sp|P35655|HRPI_PSESY                R      IER D L D V IAL S    Q       L V      SE  LR  LR          L      MQH .. TNV T Y K Q YH YCGAEG. Q WLVTPE  GL  DG  QTQTET.FFA SNETSQ 
sp|Q56338|FLHA_TREPA                R      ISD P L E V QRL R    Q       L V      LE  LS  IA          L      QST TV VPI I K G Q CL YADEQNV H MRLDSS  TF  EK  LTVDSLSILT SLDEQR 
sp|Q44909|FLHA_BORBU                R      ITK D L E C QSV R    G       L V      FE  II  RV          I      KSI .. IFF I K G Q TS YLDLNSE N ITLNPS  QM  DS  ESNHDL.ISS DPNLKT 
sp|P35620|FLHA_BACSU                R      ITT D L E T QAL K    Q       L V      VE  IA  VQ          L      SKL .. SDL T Y A Q TA FAKENEV K VTCSGR  KA  DG  QTEHGN.YLS EPDISE 
sp|O06758|FLHA_HELPY                R      IVQ D L E V ARL R    A       L F      SE  LL  LR          L      KPL N. VNI T Q S V TN FKSEDGR K LTFSTD  QF  NK  ENGTSK.SLL NVGELQ 
sp|Q9ZM40|FLHA_HELPJ                R      IVQ D L E V ARL R    A       L F      SE  LL  LR          L      KPL N. VNI T Q S V TN FKSEDGR K LTFSTD  QF  NK  ENGTSK.SLL NVGELQ 
tr|Q5HUS5|FLHA_CAMJR                R      ISK S I E V ASL R    M       L I      SS  LM  VQ          L      TEV .. FDM I H A M TN YLDDKGN D FILDSA  AV  EN  FRDGSY.HLP SVAQTG 
sp|P40729|FLHA_SALTY                R      IQS D L A V VAL R    Q       V V      LE  LL  LQ          L      RPL .. PHE T V G A TQ WFPGNEE Q IGLDTA  RL  QA  GGGG...... EPGLAD 
sp|P76298|FLHA_ECOLI                R      IQS D L A V VAL R    Q       V V      LE  LL  LQ          L      RPI .. PHE T V G A TQ WFPGKDE H IGLDTP  RL  QA  GGGG...... EPGLAD 
sp|Q56887|FLHA_YEREN                R      IQT D L A V VAL R    Q       I V      LE  LL  LQ          L      RPN .. PYE T V G S AQ WFPGTGE Q IGLDAA  RL  QA  GGSG...... EPGLAD 
sp|P0A1I5|MXIA_SHIFL
   630       640        650       660       670       680
sp|P0A1I5|MXIA_SHIFL                             R                 S  EVM L A L VL V I VK I VI  I  A  IN L TIET AH LRE RNAKKN.F L SVD RF RLIDNRFKS L YA  DE YT  V K  .......
sp|P0A1I3|INVA_SALTY                             R                 S  ELM I K L VL T V IK L VL  I  S  VN I TIDL TL LDD LIAHKD.L L SVD RF KMIEGRFPD E FG  AD KS  V K  .......
sp|P0C2V3|LCRD_YEREN                             R                 S  ELL V T L VL V I VR L VL  L  Q  IQ L RVEQ RK IGD SQIQSK.P I SMD RY KLIESEYYG P YQ  TQ IN  P G  CL.....
tr|O30536|PCRD_PSEAI                             R                 S  EFL V T L VL V I VR L VL  L  Q  IQ L RIER RQ VGD AQMQNR.P I SMD RY KLVESDYAG P YQ  TQ IN  P G  VL.....
sp|D0ZWU0|SSAV_SALT1                             R                 S  EIL I A S FI T T LR V IL  L  E  IQ V SIQL EQ LKQ AKL..... V SVD RF KITEATLFD P WQ  GE SL  V E  DLSEEEL
tr|D3QW30|ESCV_ECOCB                             R                 S  EII L I T VI T I VK V VL  V  N  LK L TVGF KN MNP GNG..... L ALD RY KMIEGSFPS P FQ  GN IE  V G  NDFRA..
sp|P35654|HRPI_ERWAM                             R                 S  ELL M A Y LI V L LR V VL  L  N  IN L RLNQ RS FPP DNHH...A L AQD SP ALLKDEFHA P FA  TS VA  V G  DLQQSPP
sp|P35655|HRPI_PSESY                             R                 S  ELV L A R VL V L LR V VL  I  A  VK M RFQQ HI FPV APEQ...A L AQD SP TLLREEFYH P FA  SN AK  V G  DLEDDLE
sp|Q56338|FLHA_TREPA                             R                 S  EVL V V T LL T I MW I VM  V  D  IE V VVQA RT FVP RQEGYIPV T D.T SA NLFFSDRIE A YK  ST MR  T G  RIEESDV
sp|Q44909|FLHA_BORBU                             R                 S  EFI L I V VL S S IK L VM  V  N  VN L TVYE FK VNE QAEGFYPV S E.S PI VITSREIPD V VL  PQ IK  V K  EVEE...
sp|P35620|FLHA_BACSU                             R                 S  EIV V E L LL S V VK L VL  L  N  VQ I VVRS AK AEQ SLRQETAI C P.P MY QLLERYFPD P YN  EA VE  S G  DI.....
sp|O06758|FLHA_HELPY                             R                 S  ELI V E V IL V L LS V VL  L  N  FE L TIEV SE AMK LQKGIAPV I EPN KA NQMEQARID I HA  DP SN  A G  HINF...
sp|Q9ZM40|FLHA_HELPJ                             R                 S  ELI V E V IL V L LS V VL  L  N  FE L TIEG SE AMK LQKGIAPV I EPN KA NQMEQARID V HA  DP SN  A G  HINF...
tr|Q5HUS5|FLHA_CAMJR                             R                 S  ELV L E V IL V L IA I VL  I  N  FN E IIDT RA VAA ANGRIKPF C EPQ KF DICYNFSIN V FA  AE TN  T G  RIEL...
sp|P40729|FLHA_SALTY                             R                 S  ELL T E R VL V L LS L VL  L  N  IR T TIAQ .Q ALS QEMLGAPP L NHA PL RFLRRSLPQ V NL  SD RH  M A  GGK....
sp|P76298|FLHA_ECOLI                             R                 S  ELL T E R VL V L LS L VL  L  N  IR T TIAQ .Q ALS QEMLGAPP L NHA PL RFLRRSLPQ V NL  SD RH  M A  GGK....
sp|Q56887|FLHA_YEREN                             R                 S  ELL S Q R VL V L LA M VL  I  N  IR T TIEQ .R ALQ QEMLGAPP L NHA AL RFLRRSLPQ V NL  GD RQ  M S  GVA....
sp|P0A1I5|MXIA_SHIFL
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sp|P0A1I5|MXIA_SHIFL
490       500       510       520        530       540       550
sp|P0A1I5|MXIA_SHIFL                                              L  L            IL N I E F IQETK ML FE LLK V I RI EV Q  L E I VR LKL  ESLAL N N I G N DQ NRYPD E FR.HVT Q S R G N S N M    LWA
sp|P0A1I3|INVA_SALTY                                              L  L            IL R V E F IQETK ML LE LLK V V RI EV Q  L E V VR MKL  EALAA N N Y G H DQ AKFPD E LR.HAT Q S R S R S N M    LWA
sp|P0C2V3|LCRD_YEREN                                              L  L            IL E A D I IQETR LL ME LIK V L RM EI Q  V E I IR MRS  EAMVR Y E F G Y EQ GGYGE E QR.IVP Q T R G D S N L    EWG
tr|O30536|PCRD_PSEAI                                              L  L            IL E A D I IQETR LL ME LVK A L RM EI Q  V E I IR MRA  EAMVR Y E F G Y EQ QGYGE E QR.IVP Q T R G D S N L    EWG
sp|D0ZWU0|SSAV_SALT1                                              L  L            IL R M E I VQETR LM ME LVK L I KI ET Q  V E V IR LRL  GTLIL H G F G Y NA KNYSE E QR.QLP N A R S R S D F    DWA
tr|D3QW30|ESCV_ECOCB                                              L  L            IV S A E I VQETR LM ME LVK L L KI DI Q  V E V IR LRT  ETLIL N K F G Y DI RKYNE E QR.QLG S V R E N S D F    FWS
sp|P35654|HRPI_ERWAM                                              L  L            II Q G Q I LQESK IL LE LAQ L L RF AV Q  A E I LR VRT  ETLIH S A F G S NW SEQPE E QR.IMP S A R S R P S A    EHG
sp|P35655|HRPI_PSESY                                              L  L            IL S A Q I LQETK IL LE LAQ M L RF AV Q  A E V LR IRV  ETLIQ C P F G A SW SEQPE E QR.VLT T S R S C P A A    EHC
sp|Q56338|FLHA_TREPA                                              L  L            II T A D L RQNVQ II LR VVD V L KI KV Q  L E V IR TVA  ETLAR N A I G M DA KEYPA D TQK.CP G Q G R Q S N F    DFA
sp|Q44909|FLHA_BORBU                                              L  L            II R S E L RQDVQ TL FK IVE V V EI RV Q  L E V IR LVT  ETIAK H Y I T N DV KDYGA E LKN.FS G Q G K Q S N F    DFT
sp|P35620|FLHA_BACSU                                              L  L            II Q A E I RQETK LI LK LVE V V DI KV A  L E V IR LVT  ETLAK H H L G Q DH ESYPV E TPNPLS G Q K K K S N F    DYG
sp|O06758|FLHA_HELPY                                              L  L            IV K A D I KDEVK LL LA IVE S T AI SV Q  L E I IK MLT  ETITK Y E F T S ER KDYPT E K..KIP G R A H K P D L    DIA
sp|Q9ZM40|FLHA_HELPJ                                              L  L            IV K A D I KDEVK LL LA IVE S T AI SV Q  L E I IK MLT  ETITK Y E F T S ER KDYPT E K..KIP G R A H K P D L    DIA
tr|Q5HUS5|FLHA_CAMJR                                              L  L            II A A E L RQEVQ LL VK IVE A V LI KI K  L H I IK MLT  ESVSK H S L T N DK NDYPI G LG.VAP S Q D K H P D L    DIA
sp|P40729|FLHA_SALTY                                              L  L            II Q S E F RQEAQ LL VS LTE L L TL KV Q  L E V IR MRT  ETLAG F A L G Q DR QEMPK D VPGVVT T H N A K P D L    EHA
sp|P76298|FLHA_ECOLI                                              L  L            II Q A E F RQEAQ LL VA LTE L L TL KV Q  L E V IR MRT  ETLAS H A L G Q DR QEMPK D VPGVVT T H N D K P D L    EHA
sp|Q56887|FLHA_YEREN                                              L  L            II Q A D F RQETQ LL VS LTE F L TL KV Q  L E V IR MRT  ETLAS Y S L G Q DR QEMPK D IPGVVT T H N M R S D I    EHA
.sp|P0A1I5|MXIA_SHIFL
560         570       580        590       600       610        620
sp|P0A1I5|MXIA_SHIFL                R      IEK D L E V ASL R    K       I V      IE  IR  IR          M      EPR .. VIT V H S Y CS IAVSGE. K VMLSGY  DA  KG  QTSGGS.FLN DIEVSD 
sp|P0A1I3|INVA_SALTY                R      IEK D L E I GAM R    K       L A      VE  IR  IR          L      NPR .. VIN V H A Y CH FANGGE. R VMVSAE  DV  KG  QTSGST.FLS DPEASA 
sp|P0C2V3|LCRD_YEREN                R      IEK D L E I SSL R    K       L A      VE  IR  VR          L      SQK .. VVQ T Y K Y CY YANGNNI P YLFDQE  EK  SG  QTSAGS.YLA DPAVTE 
tr|O30536|PCRD_PSEAI                R      IEK D L E I SSL R    K       L A      VE  IR  IR          L      AQK .. VVQ T Y K Y CY YSSGNNI P YLLDQA  EQ  GG  QTSAGS.YLA DPAITQ 
sp|D0ZWU0|SSAV_SALT1                R      IEK D L E V IAL R    R       L I      IE  VR  IR          L      QPR .. VLM T Y R H LR LNPEGKP P LRIGEG  NL  ES  QTAMGT.YTA SSRHKT 
tr|D3QW30|ESCV_ECOCB                R      IEK D L E V IAL R    R       L V      IE  LR  IR          I      QTK .. VVI C Y R H LG YSVSGTL N WLIGSD  NE  ES  QTSSGS.YLN SPERTE 
sp|P35654|HRPI_ERWAM                R      IER D L D V IAL E    Q       L V      TE  LR  LR          L      NQH .. SAA T F K H CH YQQPNG. N WLLTPE  EL  DS  QAQSET.FFS AQEYGI 
sp|P35655|HRPI_PSESY                R      IER D L D V IAL S    Q       L V      SE  LR  LR          L      MQH .. TNV T Y K Q YH YCGAEG. Q WLVTPE  GL  DG  QTQTET.FFA SNETSQ 
sp|Q56338|FLHA_TREPA                R      ISD P L E V QRL R    Q       L V      LE  LS  IA          L      QST TV VPI I K G Q CL YADEQNV H MRLDSS  TF  EK  LTVDSLSILT SLDEQR 
sp|Q44909|FLHA_BORBU                R      ITK D L E C QSV R    G       L V      FE  II  RV          I      KSI .. IFF I K G Q TS YLDLNSE N ITLNPS  QM  DS  ESNHDL.ISS DPNLKT 
sp|P35620|FLHA_BACSU                R      ITT D L E T QAL K    Q       L V      VE  IA  VQ          L      SKL .. SDL T Y A Q TA FAKENEV K VTCSGR  KA  DG  QTEHGN.YLS EPDISE 
sp|O06758|FLHA_HELPY                R      IVQ D L E V ARL R    A       L F      SE  LL  LR          L      KPL N. VNI T Q S V TN FKSEDGR K LTFSTD  QF  NK  ENGTSK.SLL NVGELQ 
sp|Q9ZM40|FLHA_HELPJ                R      IVQ D L E V ARL R    A       L F      SE  LL  LR          L      KPL N. VNI T Q S V TN FKSEDGR K LTFSTD  QF  NK  ENGTSK.SLL NVGELQ 
tr|Q5HUS5|FLHA_CAMJR                R      ISK S I E V ASL R    M       L I      SS  LM  VQ          L      TEV .. FDM I H A M TN YLDDKGN D FILDSA  AV  EN  FRDGSY.HLP SVAQTG 
sp|P40729|FLHA_SALTY                R      IQS D L A V VAL R    Q       V V      LE  LL  LQ          L      RPL .. PHE T V G A TQ WFPGNEE Q IGLDTA  RL  QA  GGGG...... EPGLAD 
sp|P76298|FLHA_ECOLI                R      IQS D L A V VAL R    Q       V V      LE  LL  LQ          L      RPI .. PHE T V G A TQ WFPGKDE H IGLDTP  RL  QA  GGGG...... EPGLAD 
sp|Q56887|FLHA_YEREN                R      IQT D L A V VAL R    Q       I V      LE  LL  LQ          L      RPN .. PYE T V G S AQ WFPGTGE Q IGLDAA  RL  QA  GGSG...... EPGLAD 
sp|P0A1I5|MXIA_SHIFL
   630       640        650       660       670       680
sp|P0A1I5|MXIA_SHIFL                             R                 S  EVM L A L VL V I VK I VI  I  A  IN L TIET AH LRE RNAKKN.F L SVD RF RLIDNRFKS L YA  DE YT  V K  .......
sp|P0A1I3|INVA_SALTY                             R                 S  ELM I K L VL T V IK L VL  I  S  VN I TIDL TL LDD LIAHKD.L L SVD RF KMIEGRFPD E FG  AD KS  V K  .......
sp|P0C2V3|LCRD_YEREN                             R                 S  ELL V T L VL V I VR L VL  L  Q  IQ L RVEQ RK IGD SQIQSK.P I SMD RY KLIESEYYG P YQ  TQ IN  P G  CL.....
tr|O30536|PCRD_PSEAI                             R                 S  EFL V T L VL V I VR L VL  L  Q  IQ L RIER RQ VGD AQMQNR.P I SMD RY KLVESDYAG P YQ  TQ IN  P G  VL.....
sp|D0ZWU0|SSAV_SALT1                             R                 S  EIL I A S FI T T LR V IL  L  E  IQ V SIQL EQ LKQ AKL..... V SVD RF KITEATLFD P WQ  GE SL  V E  DLSEEEL
tr|D3QW30|ESCV_ECOCB                             R                 S  EII L I T VI T I VK V VL  V  N  LK L TVGF KN MNP GNG..... L ALD RY KMIEGSFPS P FQ  GN IE  V G  NDFRA..
sp|P35654|HRPI_ERWAM                             R                 S  ELL M A Y LI V L LR V VL  L  N  IN L RLNQ RS FPP DNHH...A L AQD SP ALLKDEFHA P FA  TS VA  V G  DLQQSPP
sp|P35655|HRPI_PSESY                             R                 S  ELV L A R VL V L LR V VL  I  A  VK M RFQQ HI FPV APEQ...A L AQD SP TLLREEFYH P FA  SN AK  V G  DLEDDLE
sp|Q56338|FLHA_TREPA                             R                 S  EVL V V T LL T I MW I VM  V  D  IE V VVQA RT FVP RQEGYIPV T D.T SA NLFFSDRIE A YK  ST MR  T G  RIEESDV
sp|Q44909|FLHA_BORBU                             R                 S  EFI L I V VL S S IK L VM  V  N  VN L TVYE FK VNE QAEGFYPV S E.S PI VITSREIPD V VL  PQ IK  V K  EVEE...
sp|P35620|FLHA_BACSU                             R                 S  EIV V E L LL S V VK L VL  L  N  VQ I VVRS AK AEQ SLRQETAI C P.P MY QLLERYFPD P YN  EA VE  S G  DI.....
sp|O06758|FLHA_HELPY                             R                 S  ELI V E V IL V L LS V VL  L  N  FE L TIEV SE AMK LQKGIAPV I EPN KA NQMEQARID I HA  DP SN  A G  HINF...
sp|Q9ZM40|FLHA_HELPJ                             R                 S  ELI V E V IL V L LS V VL  L  N  FE L TIEG SE AMK LQKGIAPV I EPN KA NQMEQARID V HA  DP SN  A G  HINF...
tr|Q5HUS5|FLHA_CAMJR                             R                 S  ELV L E V IL V L IA I VL  I  N  FN E IIDT RA VAA ANGRIKPF C EPQ KF DICYNFSIN V FA  AE TN  T G  RIEL...
sp|P40729|FLHA_SALTY                             R                 S  ELL T E R VL V L LS L VL  L  N  IR T TIAQ .Q ALS QEMLGAPP L NHA PL RFLRRSLPQ V NL  SD RH  M A  GGK....
sp|P76298|FLHA_ECOLI                             R                 S  ELL T E R VL V L LS L VL  L  N  IR T TIAQ .Q ALS QEMLGAPP L NHA PL RFLRRSLPQ V NL  SD RH  M A  GGK....
sp|Q56887|FLHA_YEREN                             R                 S  ELL S Q R VL V L LA M VL  I  N  IR T TIEQ .R ALQ QEMLGAPP L NHA AL RFLRRSLPQ V NL  GD RQ  M S  GVA....
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Supplementary figure 6. Conservation across homologues.
MxiA belongs to the FHIPEP (flagella/HR/invasion protein export pore) family, which includes all aligned entries. A 
multiple sequence alignment was built using CLUSTALW (http://www.ebi.ac.uk/Tools/msa/clustalw2/) and 
sequences of homologues were collected from UNIPROT (http://www.uniprot.org/).
Sequence numbering and secondary structure information were extracted from the MxiAC PDB. 100% conserved 
residues are highlighted by red boxes with white lettering; residues with high level of similarity across the sequences 
with white boxes and red lettering. Yellow dots indicate homologues for which a structure has been already deposited 
in the Protein Data Bank.
The figure was prepared with the ESPript2.2 server (http://espript.ibcp.fr/ESPript/cgi-bin/ESPript.cgi).
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Supplementary table 1. Nomenclature of Flagellar and Pathogenic T3SS components 
 
  Flagellar T3SS components (S. enterica) 
  Export Apparatus components ATPase complex C ring Basal body 
  FlhA FlhB FliO FliP FliQ FliR FliI FliJ FliG FliH FliMN FliF FliG - 
N
on
-fl
ag
el
la
r T
3S
S 
co
m
po
ne
nt
s 
Shigella sp. MxiA Spa40 - Spa24 Spa9 Spa29 Spa47 Spa13 MxiK MxiN Spa33 MxiJ MxiG MxiD 
Salmonella sp. InvA SpaS - SpaP SpaQ SpaR InvC SpaM OrgA OrgB SpaO PrgK PrgH PrgI 
Yersinia sp. YscV YscU - YscR YscS YscT YscN YscO YscK YscL YscQ YscJ YscD YscC 
E. coli EPEC/EHEC EscV EscU - EscR EscS EscT EscN EscA OrgA EscL EscQ EscJ EscD EscC 
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Supplementary table 2. Summary of proteins identified by mass spectrometry 
 
 
Only IDs relevant to the needle complex (NC) are shown. IDs with Mascot score lower than 80 and/or a single 
protein matches/protein sequence are highlighted in italics.  
Protein 
Target Co-purified proteins  
 Access UniProt Mascot Score 
Protein 
matches_sig 
Protein 
sequence_sig 
M
xi
A
1-
68
6 a
ff
in
ity
 p
ur
ifi
ed
 
sp|P0A1I5|MXIA_SHIFL 45068 987 43 
sp|P18011|IPAB_SHIFL 1182 19 7 
sp|P18012|IPAC_SHIFL 1094 18 11 
sp|Q04641|MXID_SHIFL 1013 20 15 
sp|Q06081|MXIJ_SHIFL 693 14 10 
sp|P0A221|MXIG_SHIFL 405 8 6 
sp|P0A2S7|MXIE_SHIFL 255 6 6 
sp|P0A227|MXIK_SHIFL 183 2 2 
sp|P0A225|MXII_SHIFL 115 1 1 
sp|P0A1X2|MXIM_SHIFL 105 2 2 
sp|P35530|SPAK_SHIFL 81 1 1 
sp|P0A1M8|SPAS_SHIFL 77 1 1 
sp|P18013|IPAD_SHIFL 67 1 1 
sp|P0A1K9|SPAO_SHIFL 43 1 1 
sp|P0A1L3|SPAP_SHIFL 24 1 1 
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 Supplementary table3. Strains and plasmids used in this study 
 
Strains Relevant characteristic(s) Source 
E. coli DH5α DNA manipulation Invitrogen 
E. coli C41(DE3) Protein expression 1 
E. coli Lemo56(DE3) Protein expression  
S. flexneri M90T S.  flexneri (serotype 5a), nalidixic acid resistant 
2 
mxiA- S. flexneri  S. flexneri M90T with silenced mxiA.  This study 
C. jejuni 81-176 SmR C. jejuni 81-176 rpsLSm 3 
C. jejuni flhA::cat-rpsL C. jejuni 81-176 rpsLSm flhA::cat-rpsL 4 
C. jejuni flhAC C. jejuni 81-176 SmR producing FlhAc, 
which lacks the 391-amino acid 
cytoplasmic domain 
This study 
C. jejuni  ∆astA flhB::cat-rpsL C. jejuni 81-176 rpsLSm jejuni ∆astA 
flhB::cat-rpsL 
5 
C. jejuni flhBC C. jejuni 81-176 SmR producing FlhAc,  
which lacks the 160-amino acid C-terminal 
cytoplasmic domain 
This Study 
Plasmids 
pGEMT Vector used for cloning assays Promega 
pKO3blue Vector used for homologous recombination. 
6 
pBAD/Myc-His A 
Vector used for complementation 
experiments to express MxiA (aa. 1-686) 
fused to a Myc epitope and 6-hystidine tag 
in Shigella background. 
Invitrogen 
pBAD_MxiA-Myc-6His Derivate of pBAD/Myc-His A  This study 
pBAD_ E502A Derivate of pBAD_MxiA-Myc-6His  This study 
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pBAD_ E502AK504A Derivate of pBAD_MxiA-Myc-6His This study 
pBAD_ R560A Derivate of pBAD_MxiA-Myc-6His This study 
pBAD_ R545A Derivate of pBAD_MxiA-Myc-6His This study 
pBAD_ R577A Derivate of pBAD_MxiA-Myc-6His This study 
pBAD_E502AK504AR560A Derivate of pBAD_MxiA-Myc-6His This study 
pBAD_E502AR560AR545A Derivate of pBAD_MxiA-Myc-6His This study 
pBAD_E502AR560AR577A Derivate of pBAD_MxiA-Myc-6His This study 
pBAD_E502AK504AR560AR577A Derivate of pBAD_MxiA-Myc-6His This study 
pBAD_E502AK504AR560AR545A Derivate of pBAD_MxiA-Myc-6His This study 
pBAD_ M5 Derivate of pBAD_MxiA-Myc-6His This study 
pBAD_ deltaSD2 Derivate of pBAD_MxiA-Myc-6His This study 
pBAD_ K562A Derivate of pBAD_MxiA-Myc-6His This study 
pBAD_ K519AK523A Derivate of pBAD_MxiA-Myc-6His This study 
pBAD_ K562AK519AK523A Derivate of pBAD_MxiA-Myc-6His This study 
pACYC Duet 
Vector used for recombinant expression of 
MxiAC (aa. 318-686) and Spa24, spa9, 
Spa29 in the appropriate E.coli strain. 
Novagen 
pET Duet 
Vector used for recombinant expression of 
full length MxiA (aa 1-686) in the 
appropriate E.coli strain 
Novagen 
pACYC _6HisMxiAC Derivate of pACYC Duet  This study 
pACYC_ E502A Derivate of pACYC _6His MxiAC  This study 
pACYC_E502AK504A Derivate of pACYC _6His MxiAC  This study 
pACYC_ R560A Derivate of pACYC _6His MxiAC  This study 
pACYC_ R545A Derivate of pACYC _6His MxiAC  This study 
pACYC_ R577A Derivate of pACYC _6His MxiAC  This study 
pACYC_M5 Derivate of pACYC _6His MxiAC  This study 
pACYC_ deltaSD2 Derivate of pACYC _6His MxiAC  This study 
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pACYC_K562A Derivate of pACYC _6His MxiAC  This study 
pACYC_K519AK532A Derivate of pACYC _6His MxiAC  This study 
pACYC_K562AK519AK532A Derivate of pACYC _6His MxiAC  This study 
pET_MxiA6His Derivate of pET duet This study 
pACYC_Spa24-29ORF Derivate of pACYC duet This study 
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